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Abstract 

Hormone-mediated quiescence involves the maintenance of a decreased inflammatory responsiveness. However, no study 
has investigated whether labor induction with prostanoids is associated with changes in the levels of maternal serum 
hormones. The objective of this study was to determine whether labor induction with dinoprostone is associated with changes 
in maternal serum progesterone, estradiol, and estriol levels. Blood samples were obtained from 81 pregnant women at term. 
Sixteen patients had vaginal birth after spontaneous labor, 12 required cesarean section after spontaneous labor and 16 
underwent elective cesarean. Thirty-seven patients had labor induction with dinoprostone. Eligible patients received a vaginal 
insert of dinoprostone (10 mg) and were followed until delivery. Serum progesterone (P4), estradiol (E2) and estriol (E3) levels 
and changes in P4/E2, P4/E3 and E3/E2 ratios were monitored from admission to immediately before birth, and the association 
of these measures with the resulting clinical classification outcome (route of delivery and induction responsiveness) was 
assessed. Progesterone levels decreased from admission to birth in patients who underwent successful labor induction with 
dinoprostone [vaginal and cesarean birth after induced labor: 23% (P < 0.001) and 18% (P < 0.025) decrease, respectively], 
but not in those whose induction failed (6.4% decrease, P > 0.05). Estriol and estradiol levels, P4/E2, P4/E3 and E3/E2 ratios 
did not differ between groups. Successful dinoprostone-induced labor was associated with reduced maternal progesterone 
levels from induction to birth. While a causal relationship between progesterone decrease and effective dinoprostone-induced 
labor cannot be established, it is tempting to propose that dinoprostone may contribute to progesterone withdrawal and favor 
labor induction in humans. 
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Introduction 

Prostaglandins, particularly PGF2 and PGE2, play an 
essential role in the process of human parturition by 
stimulating myometrial contractions (1) and cervical 
effacement (2). Due to these properties, dinoprostone, 
a PGE2 analog, has become the gold standard 
for the induction of labor in patients with high risk 
pregnancies (3). 



For unknown reasons, up to 33% of the patients who 
do not reach labor spontaneously do not respond to 
induction with prostaglandins and/or oxytocin (4). 
Although progesterone-mediated quiescence seems to 
involve the maintenance of a decreased inflammatory 
responsiveness, no study has addressed whether inflam- 
matory mediators can alter progesterone, estradiol and 
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estriol levels, and by this means also facilitate labor 
induction. 

Human parturition at term requires an orchestrated set 
of hormonal and morphological changes that occur 
gradually within uterine tissues (5). These changes 
include increased myometrial gap junction formation (5), 
up-regulation of myometrial progesterone A (6), estrogen 
a (7), prostaglandin (5,8), and oxytocin receptors (5). A 
decreased progesterone/estradiol ratio (9) and increased 
maternal plasma estriol (10) levels have been associated 
with successful labor, but there are also reports that 
plasma progesterone levels do not significantly decrease 
immediately before labor (11-13). The myometrial recep- 
tor and hormonal changes shift the uterus from a 
quiescent to an active rhythmically contractile state. 
Concomitant with these changes, inflammatory events 
occur in the cervix, such as increased production of pro- 
inflammatory cytokines such as interleukin-ip (IL-ip), IL- 
6, IL-8 (14-16), and PGE2 (15), which trigger cervical 
ripening. 

In humans, according to some investigators, concen- 
trations of progesterone and estrogens remain elevated in 
maternal plasma throughout pregnancy until delivery of 
the placenta (7,17). Studies comparing progesterone 
levels during labor at term to those in the absence of 
labor failed to demonstrate an unequivocal variation in 
serum progesterone levels related to labor (12,13). On the 
other hand, high progesterone levels at term have been 
associated with effective labor (11) and it has been 
recently observed that placentas obtained from patients 
who underwent vaginal delivery produce more progester- 
one and store larger amounts of progesterone than those 
from patients after cesarean delivery (18). 

The apparent lack of serum progesterone withdrawal 
in parturient women has led to the introduction of the 
concept of "functional" progesterone withdrawal due to an 
increase in the expression of the inactive progesterone 
receptor PR-A (17,19,20). PR-B, with predominant levels 
during pregnancy, is an activator of progesterone-respon- 
sive genes, while PR-A acts as a modulator or repressor 
of PR-B function (6,19). 

As we can see, the role of prostaglandins in the onset 
of labor is still under investigation and much more may be 
developed in this field of interest. One of the most 
important issues from this point of view is if the mode of 
delivery after labor induction with prostanoids could be a 
factor influencing hormone levels during labor. Therefore, 
in this study we investigated whether labor induction with 
dinoprostone is associated with changes in maternal 
serum levels of progesterone (P4), estradiol (E2), and 
estriol (E3) in responsive and non-responsive patients. 

Patients and Methods 

Patients 

From January 2009 to May 201 1 we enrolled 81 non- 



smoking pregnant women at term, with live fetuses, who 
gave birth at the Hospital Universitario de Santa Maria, 
Rio Grande do Sul State, Brazil. Some patients entered 
the study with spontaneous labor and others required 
pregnancy interruption, either by labor induction or 
elective cesarean section. Data for patients who required 
medications other than paracetamol or iron sulfate the 
week before the birth were not included in data analysis. 
Gestational age was estimated by ultrasound examination 
before 20 weeks of gestation. Term pregnancy was 
considered to be a gestational age between 37 weeks 
and 41 weeks and 6 days, spontaneous labor to be 
natural labor initiation and elective cesarean to be 
childbirth in the absence of labor. The Bishop score (21) 
was recorded at admission and at several times during 
labor. 

Maternal P4, E2 and E3 levels were assessed at 
admission and immediately before birth in patients as 
follows: group 1 = vaginal birth after spontaneous labor; 
group 2 = cesarean section after spontaneous labor (due 
to dystocia or fetal distress); group 3 = elective cesarean; 
group 4 = vaginal birth after dinoprostone-induced labor; 
group 5 = cesarean section after dinoprostone-induced 
labor (due to dystocia, fetal distress or hypertonia); group 
6 = cesarean section after dinoprostone-induction failure. 

Labor induction 

Patients with an indication for labor induction were 
assigned to receive vaginally administered dinoprostone 
(10 mg Propess*, Ferring Pharmaceuticals, Brazil). The 
inclusion criteria for labor induction were: singleton 
gestation, cephalic presentation, estimated fetal weight 
<4000 g, intact membranes, reactive fetal heart rate 
pattern, and an unripe cervix, defined as a Bishop score 
<5 points (21). 

The vaginal insert was placed in the posterior vaginal 
fornix, as described before (22), and was removed when 
patients presented at least 3 uterine contractions within 
10 min and adequate cervical ripening (Bishop score 3=8 
or cervical dilatation 3=3 cm), or signs of fetal distress. 
During the second stage of labor, oxytocin was adminis- 
tered when necessary, in spontaneous or induced labors, 
regardless of the study group. The maximum time allowed 
for cervical ripening was 24 h (23) and failed labor 
induction was considered inadequate cervical ripening 
and inadequate uterine contractions during 24 h (non- 
responders). 

Blood sampling 

Blood (4 mL) samples were collected by venipuncture 
of the median cubital vein at two distinct times: 1) at 
admission, from patients in spontaneous labor and who 
would undergo elective cesarean delivery, or before 
administering dinoprostone, and 2) immediately before 
birth in all cases. Blood samples were centrifuged at 
2000 g at 4°G for 15 min, and the serum was separated 
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and maintained at -80°C until assay. 



Results 



Assay methods 

Progesterone and estradiol were measured using the 
Bayer ADVIA Centaur assay (Bayer Corp., USA), a 
competitive immunoassay using direct chemiluminescent 
technology. Total estriol was measured using fluores- 
cence polarization immunoassay technology and the 
Abbott TDxFLx analyzer (Abbott Laboratories, USA). 
Sensitivity and inter-assay coefficient of variation for 
progesterone, estradiol and estriol assays were 0.67, 
25.7 and 22.9 nM and 5.3, 8.4 and 2.3%, respectively. 

Ethics statement 

Research was approved by the Ethics Committee 
from Universidade Federal de Santa Maria (CAAE 0268. 
0.243.000-08), and written informed consent was 
obtained from all participants before enrollment. 
Dinoprostone was acquired with funds from CNPq 
(Conselho Nacional de Pesquisa). The authors have no 
conflict of interest with the laboratory that manufactures 
dinoprostone 

Statistical analysis 

Quantitative parametric data are reported as means 
± SB. Data were analyzed by two-way analysis of 
variance (ANOVA), with the "measures" factor treated 
as within-subject factor. Data were subjected to logarith- 
mic transformation in order to meet ANOVA assump- 
tions. Post hoc analyses of within-subject effects were 
carried out by the F-test for simple effect. Nonparametric 
data were analyzed by the Kruskal-Wallis test followed 
by the Dunn nonparametric multiple comparison test. 
The level of significance was set as P < 0.05, and F and 
H values are shown only if statistical significance was 
achieved. 



A total of 81 pregnant women were recruited. Sixteen 
patients had vaginal birth after spontaneous labor, 12 
required cesarean section after spontaneous labor and 16 
underwent elective cesarean, for a total of 44 patients 
who did not require labor induction. Thirty-seven patients 
were selected for labor induction with dinoprostone 
according to the eligibility criteria and protocol described 
above. Fifteen patients progressed to vaginal birth, 12 
required cesarean section after successful labor induction 
and 10 had failure of labor induction and therefore 
underwent cesarean section (Table 1). 

Mean maternal age and gestational age at delivery 
were similar among groups (Table 1). Statistical analysis 
revealed that time between blood sampling for dinopros- 
tone-induced labors was longer than for spontaneous 
labors (P < 0.001), regardless of route of delivery (Table 
1). Parity also differed between groups that received 
dinoprostone or not. Sample analysis revealed that 
patients subjected to labor induction with dinoprostone 
were all nulliparous, while most of the patients who did not 
receive dinoprostone were multiparous (P < 0.001). 
Oxytocin administration showed no differences between 
labor groups regarding parity, gestational age at delivery 
or time between samples (data not shown). The observa- 
tion of significant differences between groups such as 
parity, interval between blood samples and Bishop scores 
is inherent to the clinical characteristics of each group. 

Statistical analysis of Bishop scores along time 
showed a significant difference between groups by time 
interaction [F(1,75) = 40.9; P < 0.001)]. Post hoc 
analysis (F-test for simple effect) revealed that all 
patients, except those who underwent elective cesarean, 
had an increased Bishop score along time (Table 2). 
Interestingly, although patients who were considered non- 



Table 1. Maternal age, gestational age, time between samplings, and parity of patients with and without dinoprostone treatment. 



Variable 




No dinoprostone 




Dinoprostone 




P 




After spontaneous labor No spontaneous labor 


After induced labor 


After induction failure 






Vaginal birth 


Cesarean Cesarean 


Vaginal birth 


Cesarean 


Cesarean 






(n = 16) 


(n = 12) (n = 16) 


(n = 15) 


(n = 12) 


(n = 10) 




Maternal age 


24.5 ± 6.7 


23.7 ± 4.9 27.6 ± 6.7 


22.7 ± 5.4 


23.5 ± 4.8 


24.8 ± 5.2 




(years) 














Gestational 


39.5 ± 1.4 


39.8 ± 1.3 39.9 ± 1.3 


39.9 ± 1.3 


39.5 ± 1.5 


39.8 ± 1.3 




age (weeks) 














Time between 


5 (3-8.7)" 


5.5(3.2-7)'"' 3(1-6.7)'' 


16 (12-20)" 


19.5 (12.5-23)" 


24 (21.5-26)" 


<0.01* 


samplings (h) 














Parity 


1 (0-1)'= 


1 (0-1)'' 1 (0-2)" 


0 (0-0)'' 


0 (0-0)" 


0 (0-0)" 


<0.01* 



Data are reported as means ± SE or as median (interquatile range). There were no significant differences among groups for maternal 
age or gestational age (one-way ANOVA). *Time between blood samplings and parity were analyzed by the Kruskal-Wallis test. 
Different superscript letters indicate significant differences by the Dunn nonparametric multiple comparison test (P < 0.05). 
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Table 2. Bishop scores at admission and immediately before birth of patients with and without dinoprostone treatment. 



Groups 



Admission 



Birth 



Vaginal birth after spontaneous labor 


6.88 


± 


1.36 


10.7 


± 


0.59 


<0.001 


Cesarean after spontaneous labor 


5.83 


± 


2.17 


7.42 


± 


2.71 


<0.001 


Elective cesarean 


2.44 


± 


1.03 


2.44 


± 


1.03 


1.000 


Vaginal birth after dinoprostone induction 


3.47 


± 


0.92 


10.7 


± 


0.46 


<0.001 


Cesarean after dinoprostone induction 


3.00 


± 


1.08 


7.38 


± 


2.81 


<0.001 


Cesarean after induction failure 


2.40 


± 


0.52 


3.90 


± 


1.37 


<0.005 



Data are reported as means ± SE and analyzed by the f-test for paired samples. 



responders to dinoprostone induction had a significant 
increase in Bishop scores along time [F(1,75) = 9.22, P 
< 0.005], their final Bishop score still represented 
immature cervices (Bishop <5). 

Maternal serum levels of progesterone, estradiol and 
estrlol 

Statistical analysis (two-way ANOVA, with the "mea- 
sures" factor treated as within-subject factor) of maternal 
serum progesterone levels at admission and during labor 
(immediately before birth) revealed a significant effect of 
measures [F(1,75) = 18.49, P < 0.001], indicating that 
progesterone levels varied from admission to delivery in at 
least one group. Post hoc analysis (F-test for simple 
effect) revealed that only parturients who responded to 
labor induction with dinoprostone presented a significant 
reduction in serum progesterone [dinoprostone and 
vaginal labor: F(1,75) = 9.13, P < 0.005; dinoprostone 
and cesarean: F(1,75) = 6.65, P < 0.025; Figure 1]. 

Statistical analysis (two-way ANOVA, with the "mea- 
sures" factor treated as within-subject factor) of maternal 
serum estradiol levels at admission and immediately 
before birth revealed a significant effect of measures 
[F(1,75) = 17.11, P < 0.01]. However, posf /70C analysis 
failed to show differences within groups, revealing that the 



I I Admission 
■ Birth 




Vaginal Cesarean Elective 
after Sp. after Sp. Cesarean 
Labor Labor 

No dinoprostone 



Vaginal Cesarean Cesarean 
after Ind. after Ind. after Ind. 
Labor Labor Failure 

Dinoprostone 



Figure 1. Maternal serum levels of progesterone at admission 
and immediately before birth in patients with and without 
dinoprostone treatment. Sp. = spontaneous; Ind. = induced or 
induction. *P < 0.005 and **P < 0.025 compared to the 
respective admission mean for patients with and without 
dinoprostone treatment (two-way ANOVA followed by the F-test 
for simple effect). 



main effect observed was a general trend along time, 
irrespective of classification outcome. 

Maternal levels of estriol and P4/E2, P4/E3 and E3/E2 
ratios immediately before birth did not differ from 
admission. The use of oxytocin had no influence on 
hormonal levels (data not shown). 

Discussion 

Divergent results concerning the variation of maternal 
steroids and their role in human parturition have been 
reported. Serum estrogen levels have been reported to 
remain stable between the last weeks of gestation and 
labor (10,13). Although a general trend towards a 
decrease in estrogen levels from admission to labor was 
found in the current study irrespective of outcome 
classification, no differences between groups were found 
in the post hoc analysis, confirming similar literature 
findings showing that estrogen levels do not change 
between the last weeks of gestation and labor (10) or 
preceding labor when compared to immediately before 
birth (13). 

Some studies have found no differences in maternal 
progesterone levels during spontaneous labor (12,13). In 
this regard, our results are in agreement with the 
literature, since patients who underwent spontaneous 
labor did not show significant alterations in the serum 
levels of progesterone from admission to birth. 

In the present study, gestational age was estimated by 
early ultrasound examination (<20 weeks), since last 
menstrual period-based (LMP-based) gestational age 
involves high rates of gestational age misclassification 
(24). Literature data show that inaccuracy of LMP-based 
gestational age can be caused by biologically associated 
errors in menstrual cycles and by human error in recall or 
data entry (25). Recent studies have found that early 
ultrasound-based gestational age formulas are fairly 
accurate, with random errors of ±10 days (95% con- 
fidence interval) (26). Thus, while an early ultrasound may 
underestimate or overestimate gestational age by 10 days 
on average, this bias is relatively small compared to the 
large magnitude of error indicated by inaccurate LMP data. 

As expected, the time between blood samples was 
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longer in dinoprostone-induction patients than in those 
with spontaneous labor initiation or elective cesarean. 
These patients, who required labor induction, had 
immature cervices, requiring a longer time to prepare 
their cervices for vaginal labor. It is important to note that 
nulliparous pregnant women had more frequently imma- 
ture cervices when compared to multiparous pregnant 
women, requiring induction with dinoprostone. This 
explains why our induction groups are composed of 
nulliparous women. In a recent study, regarding success- 
ful labor induction, most women were nulliparous and 
parity was noted to be the single best predictor of 
subsequent vaginal delivery (27). 

Progesterone withdrawal has been considered a 
major determinant of labor initiation, since it relaxes the 
myometrium by repressing the expression of genes that 
encode factors collectively called contraction-associated 
proteins, which include connexin43 (28), cyclooxygenase- 
2 (29) and oxytocin receptor (28). Moreover, increased 
progesterone activity is associated with increased 15- 
hydroxyprostaglandin dehydrogenase expression, which 
catalyzes the conversion of PGE2 and PGF2a to their 
biologically inactive 15-keto derivatives in term tropho- 
blasts (30). During spontaneous labor, although no 
reduction in serum progesterone levels has been 
observed, a parturition cascade exists, that removes the 
mechanisms responsible for uterine quiescence and 
recruits factors that initiate uterine activity, promoting the 
process of labor (5). 

Some questions about parturition activation have been 
partially answered after the introduction of the "functional" 
progesterone withdrawal concept (31-33), that consists of 
myometrial sensitivity loss to progesterone due to the 
increased expression of the nonfunctional progesterone 
receptor PR-A and which results in an increased PR-A to 
PR-B ratio (20). This concept explains why, despite high 
progesterone levels, the myometrium at term loses its 
refractoriness in humans. The currently reported observa- 
tion that dinoprostone-induced successful labor is asso- 
ciated with a decrease in serum maternal progesterone 
levels suggests that a decrease in progesterone levels 
may synergically facilitate "functional" progesterone with- 
drawal and myometrial quiescence disruption. 

One possible mechanism of progesterone-mediated 
quiescence during pregnancy is the constitutive inhibition 
of the transcription nuclear factor-KB (NF-kB) by proges- 
terone (30). Suppression of NF-kB decreases cycloox- 
ygenase-2 (COX-2) expression and, by this means, 
decreases prostaglandin synthesis. In amnion cells 
obtained before labor, in which NF-kB activity is low, 
increasing the expression of functional PR represses NF- 
KB-dependent transcription, while stimulation with IL-ip 
both increases NF-kB activity and represses functional 
PR activity (34). NF-kB activity is observed during human 
labor. This mediates COX-2 expression and is involved in 



T PR-A I PR-B 



i P4 Response 



4. P4 
Maternal Serum 



T NFkB 



/ 



COX-2 Induction 



Dinoprostone 



Uterine 
Contractions 



r PGE, 



Figure 2. Possible mechanism by which dinoprostone contri- 
butes to progesterone withdrawal. An increased PR-A/PR-B ratio 
decreased progesterone (P4) activity by unsuppressing NF-kB- 
mediated responses, including COX-2 induction and increased 
prostanoid (PGE2 and PGF2) synthesis, which cause uterine 
contraction. Dinoprostone, a PGE2 analogue, decreases P4 
levels by still unknown mechanisms, which may include 
decreased placenta P4 production/secretion contributing to P4 
withdrawal. PR = progesterone receptor; NF-kB = transcription 
nuclear factor-icB; COX-2 = cyclooxygenase-2. 



the "functional" progesterone withdrawal (35). 

The exact mechanisms by which serum progesterone 
levels decreased in dinoprostone-responders are 
unknown. To our knowledge, no study has addressed 
whether prostanoids alter progesterone release in human 
trophoblast. Therefore, one might speculate that pharma- 
cological manipulation with dinoprostone may alter 
progesterone production/release in human placenta. 

While a causal relationship between the currently 
reported progesterone decrease and effective dinopros- 
tone-induced labor cannot be established, it is tempting to 
propose that the dinoprostone-associated progesterone 
decrease may synergically contribute to "functional" 
progesterone withdrawal and favor labor induction in 
humans (Figure 2). 

Actually, the lack of knowledge about this complex 
issue indicates that more studies should be performed to 
elucidate some of many unanswered questions raised by 
investigators around the world. Thus, it is important to 
consider that these questions are far from being 
answered. 
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